A previous calculation of Newton's gravitational coupling constant G is generalized.
Introduction
It has been argued 1 that the fundamental length scale of quantum spacetime need not be given by the Planck length, l P ≡ ( G)
1/2 /c 3/2 ≈ 1.6 × 10 −35 m, but may correspond to a new fundamental constant of nature, l. This would then suggest that Newton's gravitational coupling constant G becomes calculable in terms of the fundamental constants c (velocity of light in vacuum), (Planck's quantum of action), and l (the hypothetical quantum of length).
Stimulus for a calculation of G was provided by the approach of Verlinde 2 to consider the Newtonian gravitational attraction as a type of entropic force, with the fundamental microscopic degrees of freedom living on a two-dimensional screen, Now, it is possible to make further progress by combining two recent suggestions.
The first is by Sahlmann (last paragraph in Ref. 9 ) that the internal Hilbert-space dimension of the "atom of two-dimensional space," corresponding to the "quantum of area" l 2 , may very well need to be integer and that this places further restrictions on the microscopic theory. The second is by Neto 10 that the microscopic degrees of freedom on the holographic screen may have a modified energy equipartition law.
Such a behavior may result from a generalization of the standard Boltzmann-Gibbs statistics, 11,12,13 but it may also have an entirely different origin. (The important role of the equipartition law has previously been emphasized in, e.g., Ref. 14.)
Prompted by these two suggestions, a new calculation of G is presented in this paper. In addition, a physical interpretation of the result can be given, which is based on the Verlinde approach to the origin of gravity.
Combinatorial calculation
This section gives a purely combinatorial calculation of the numerical factor f entering the general expression for the gravitational coupling constant:
where l 2 is considered to be a new fundamental constant of nature with the dimension of area. Incidentally, the notation G N will be kept for the experimental value of Newton's gravitational coupling constant. 15
Following Sec. 4 of Ref. 8 , there are two steps for the combinatorial calculation of f . First, consider the event horizon of a large nonrotating (Schwarzschild) blackhole and write the number of degrees of freedom on this surface (with area A) as the product of two dimensionless numbers,
Here, N atom is interpreted as the number of distinguishable "atoms of twodimensional space" making up the area (l 2 being the quantum of area) and d atom as the dimension of the internal space of an individual atom:
Compared to the analysis of Ref. is left open (one possible physical interpretation will be given in Sec. 3). From now on, abbreviate "atoms of twodimensional space" as "atoms of space" or even "atoms." One such "atom" will be said to contribute one "quantum of area" l 2 to a macroscopic surface.
Second, take as input the Bekenstein-Hawking formula 4,5 for the entropy of a large (macroscopic) black-hole
where (1) has been used in the second step and (3a) and (3b) in the third step.
Equating the number of configurations of the distinguishable atoms of space from (2) with the exponential of the Bekenstein-Hawking entropy (4) gives the following set of conditions:
for positive integers N atom ≫ 1 (there may be significant corrections to the blackhole entropy for N atom ∼ 1; see, e.g., Ref. 16 and references therein). The infinite set of conditions (5) reduces, for given I 1 , to a single transcendental equation for
In addition, there is still the condition that the dimension of the internal space be a positive integer, 9 (12) . The value datom = 1 is nonphysical, because I 1 is found to vanish. If (12) holds, the values datom ≥ 27 are, most likely, also nonphysical, because the values q turn out to be negative. 11 Note that (6a) has precisely the same form as Eq. (13) With the solutions of (6a) and (6b), the final formula for Newton's gravitational coupling constant G from (1) reads
where d is the internal dimension of an atom of space with quantum of area l 2 .
The fundamental microscopic theory will have to decide which value of d appears in (7a). Observe that, given l 2 , the maximal value of G is obtained for the minimal value of the integer d, namely, d = 2.
From the experimental value G N = 6.6743 (7) in definition (3b). The rest of this paper is devoted to one possible physical interpretation of I 1 , but there may, of course, be other interpretations.
Modified equipartition law and entropic gravity
As mentioned in the Introduction, it has been suggested 10 that the microscopic degrees of freedom responsible for gravity obey a modified equipartition law which can be written as 13 :
where, for the moment, the real factor I 1 > 0 is considered to be unrelated to the quantity I 
Step 1 in the above derivation relies on the Unruh temperature 6 (but with the logic reversed, temperature giving rise to acceleration 2 ).
Step 2 ′ uses straightforward mathematics and prepares the way for the next move.
Step 3 ′ , then, relies on (9) and the following relation between the number N dof of degrees of freedom on the holographic screen and the area A of the screen:
Step 4 depends on the well-known relation of energy and mass from special relativity.
Step Newton's gravitational coupling constant from a quantum of area 7
Hence, the suggestion is that the atoms of space have some type of long-range interaction or long-time memory, which results in a modification of the energy equipartition law (9) . The numerical values for I 1 in Table 1 show that, for the simplest atom with d = 2, the standard equipartition law must be modified by some +40 %.
Note also that the I 1 values in Table 1 
Generalized statistics
Now, consider one possible explanation of the nonstandard equipartition law (9), namely, the generalization of the standard Boltzmann-Gibbs statistics along the lines suggested by Tsallis. 11, 12 This allows for an explicit calculation of the modification factor I 1 in the equipartition law (9), as a function of the nonextensive entropy index q ∈ R of Tsallis. 11
For a quadratic classical Hamiltonian, the modified equipartition law has been derived in Eq. (32) of Ref. 13 , with I 1 defined by Eq. (47) of that same reference.
Specifically, for a generalized Maxwell velocity distribution in two-dimensional Euclidean space, the following result holds 13 :
for 0 < q < 2. The standard Boltzmann-Gibbs statistics (q = 1) gives I 1 = 1.
The index q enters the generalized entropy relation for two independent systems, L and R, in the following way 11,12 :
where, for clarity, the nonstandard entropy is denoted by a lower-case letter 's'
and k q is a new Boltzmann-type constant with the only requirement that
From the numerical values for q in Table 1 , a system of atoms of space with internal Using a short-hand notation and setting k B = 1, two independent systems, L and R, each with approximately equal numbers of a-and b-type atoms (N La ∼ N Lb , s La ∼ s Lb , and similarly for R), then have the following total entropy from (13) and total energy from (9) and (12):
The above results effectively show a standard (extensive) entropy and a modified Newton's gravitational coupling constant from a quantum of area 9 energy equipartition law, at least, for the hypothetical types of atoms of this simple argument. It remains to be seen if a similar result holds for a mixture of atoms from Table 1 or atoms obtained from a more advanced calculation.
Conclusion
It may be helpful to give a brief summary of what has been achieved in this paper.
Consider, for simplicity, the case of "bits" building up the macroscopic surface One possible physical interpretation uses the framework of Verlinde. 2 In that framework, 2,3 a finite-temperature system of bits on a holographic screen gives rise to Newtonian gravity (10) with the above-mentioned coupling constant G. However, in order to obtain an integer internal dimension d, these bits must obey a nonstandard energy equipartition law (9) , which may perhaps trace back to a type of nonstandard statistics. 11 Most likely, the origin of this nonstandard behavior is some form of long-range interaction between the bits themselves.
